Experimental image processing of small supported metallic particles (1-3 nm) Suzanne Giorgio(1), Geneviève Nihoul(2), Claude Chapon (1) [5] . The grid was brought in front of a Knudsen cell for the vacuum metal deposition. Then, a carbon film of average thickness 3 nm, was deposited on the sample to avoid further contamination and to stabilize the particles in the electron beam.
The samples were observed with a Jeol 4000 EX working at 400 kV Figure 1 shows the general view of microcubes covered with small Au particles (5 nm figure 3d . There, the intensity between the zero spacial frequency and the (200) reflections does not fall to zero and contains oscillations due to the presence of the amorphous background. Also, the peak corresponding to the (200) reflections is enlarged. Fig. 2 -a) Small palladium particle (1 nm) seen in profile view, b) gold particle (1.6 nm), c) gold particle (3.6 nm).
A ring filter centered on the zero frequency (band pass filter in the Fourier space), having as its mean radius the (200) reflections frequency was applied; several widths were tried. In order to avoid the artefacts produced by discontinuous edges, a filter with soft edges was chosen, first with a Gaussian shape, then with a shape described by equation (1), giving a flatter maximum and sharp edges: The processed images of the 1-2 nm sized particles (Figs. 2a, 2b ) seem to change between the smallest values of (1' (=3) and (1' = 4, 5, 6. Indeed, the top of the particles is difficult to localize for (1' = 3. The contrast of the particles compared to the background decreases for increasing values of o-while the non periodic details (the morphology, the eventual distorsions in the image at the interface) appear more clearly. Then, ghost fringes parallel to the interface and to the upper edge are found for the lowest values of (1'. In fact, for the smallest particles (Fig. 2a) having N = 5 cells along the interface, the enlargement 1/(N * a) of the reflections in the Fourier space is 0.95 nm-1, so that the non periodic details might be completely lost by the filters with cr 4.3. On the opposite, in the image of the large particles ( Fig. 2c) with 17 cells and a stronger contrast, the visualization of the morphology is not significantly improved, however for all particles, the details hidden in the Fresnel fringe now appear with the four values of (1'. In order to remove the artefacts in the FT, introduced by a limited square digitizing [14] (streaks parallel to the window edges), the digitized image was multiplied by a circular mask C with soft edges. Then, in the FT (5b), of image 2b which has been multiplied by the mask C (5a), the lengthening of the spots due to the square window are less pronounced (compare 5b to 3b). Then, the eventual ghost lattices found in figures 4b near the edges deseappear from the background (see Figs. 6a, b, c, d ).
The same particles have been processed by Bragg filters with circular holes centered on two or four (200) reflections. The profile of each hole with soft edges is given by equation (2): where g is a vector of the Fourier transform of the image, and go is a (200) vector. Figures 7a, b, c show the particle from figure 2b processed with these Bragg filters for increasing values of (1' . Ghost lattices are created in the amorphous area, as could be expected as the radial distribution of the FT (Fig.3d) The Bragg filter enhances the defects and distortions at the interface, but introduces ghost lattices in the background. This type of filter is difficult to be used to process images where a crystalline area and an amorphous background are superimposed. However, it is a powerful treatment to underline the structural defects in crystals.
-The subtraction of the amorphous background gives results comparable to the band-pass filter as it improves the morphology of the particles and the details at the interface but it enhances more the contrast between the crystalline and amorphous areas.
In order to keep the non periodic details, one must take into account that the particles have a limited size, so that their reflections are enlarged in the FT and the width of the masks has to be calculated according to each particle size.
